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ABSTRACT
Flathead Lake has a maximum depth of 360 feet, is 
27 miles long, averages ? miles wide, and covers an area 
of about 200 square miles. Six major drainage systems 
encompassing an area of over 7500 square miles feed into 
the lake. The climate of the area is considered semi- 
arid with an average rainfall of about fifteen inches and 
an average annual temperature of about
The present study consisted of sampling the lake 
sediments and analyzing these sediments for size distribu­
tion and mineral content. In addition, chemical data 
(including temperature and pH measurements) were collected 
from the lake water, and a portion of the lakeshore geology , 
was mapped.
The lake is located at the southern end of the Rocky
Mountain Trench and is bounded on the east and west sides
by north-south striking normal faults which form a graben 
structure. Inclination of strata in the area is generally 
to the northeast with dips ranging between 20° and 45°.
Bedrock consists of the Ravalli and Piegan Groups,
belonging to the Precarabrian Belt Supergroup. The Ravalli 
Group consists of thin to medium bedded, gray to reddish 
argillites, and quartzites, whereas the Piegan Group is com­
posed of limestones, dolomites, and calcareous gray, green.
Reproduced with permission o f the copyright owner. Further reproduction prohibited w ithout permission.
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and purple argillites.
The area was extensively glaciated at least twice 
during Wisconsin time by ice moving south along the Rocky 
Mountain Trench, Terminal moraines of the last two advances 
are found in the Flathead Valley south of Flathead Lake.
Sediment size distribution is directly related to 
the position of the Flathead River delta and the shorelines 
of the lake. Coarse material near shore grades into silts 
and clays. Sediments on the Flathead River delta at the 
north end of the lake are well sorted sands which grade rapidly 
southward to poorly sorted silts and silty-clays.
Minerals found in the lake were : clays, quartz,
calcite, plagioclase, orthoclase, and minor to trace amounts 
of magnetite, hypersthene, biotite, chlorite, hematite, 
garnet, microcline, hornblende, and zircon in order of de­
creasing abundance,
Clay-minerals in the clay-size fraction of the sedi­
ments were illite, raontmorillonite, chlorite, and kaolinite. 
Illite comprises about 75^» montraorillonite from 6% to 19%, 
chlorite about 12̂ ,, and kaolinite from to 9fî> of the clay- 
mineral constituents. Montmorillonite was found to decrease 
from north to south, probably due to preferential floccula­
tion in fresh water and subsequent rapid deposition upon 
reaching a quiet environment.
All minerals found within Flathead Lake sediments,
Reproduced with permission o f the copyright owner. Further reproduction prohibited w ithout permission.
3
with the possible exception of kaolinite and hematite, are 
derived from the bedrock, glacial material, and possibly 
Tertiary beds north and northeast of the lake.
Eh and pH measurements and chemical equilibrium cal­
culations indicate that Flathead Lake has an oxidizing and 
slightly basic environment throughout the year. Tempera­
ture measurements suggest that thermal stratification occurs 
in the lake during the summer months, but due to insuffi- • 
cient organic material reducing conditions are never, at­
tained.
The minerals silica, hematite, and kaolinite are 
forming in the lake in very small amounts. Silica is organi­
cally precipitated whereas hematite and kaolinite are form­
ing chemically.
Two possible major south flowing currents parallel 
the shores of Flathead Lake, These currents, however, can­
not be visually traced south of Yellow Bay on the east 
shore and Rollins on the west shore.
Reproduced with permission o f the copyright owner. Further reproduction prohibited w ithout permission.
INTRODUCTION 
I. LOCATION
The area investigated is centered in northwestern 
Montana at about 46® North Latitude and 114°07'30" West 
Longitude (Figure 1). Flathead Lake occupies the central 
portion of the Flathead Valley, a possible southern exten­
sion of the Rocky Mountain Trench, and is bounded on the 
east by the Mission Range and on the west by the Salish 
Range. The study area included the lake, a portion of the 
upper Flathead Valley, the Big Draw (see Figure 2), and a 
part of the lower Flathead Valley. Kalispell, Montana is 
located ten miles NNE of the lake; and Poison, Montana is 
at the southwest tip of the lake. St. Ignatius is at the 
southern end of the Flathead Valley.
II. GEOGRAPHY OF FLATHEAD LAKE
Flathead Lake (Figure 2) is 27 miles long and averages 
7 miles wide. The lake encompasses approximately 200 square 
miles and attains a maximum depth of 360 feet west of Yellow 
Bay. Six major drainage systems (the Swan River, Stillwater 
River, Whitefish Creek, and the North Fork, Middle Fork, and 
the South Fork of the Flathead River) empty directly or in­
directly into the lake. These six rivers drain an area of
Reproduced with permission o f the copyright owner. Further reproduction prohibited w ithout permission.
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approximately 7500 square miles north and northeast of the 
lake.
Kerr Dam (Figure 1), built three miles downstream 
from the outlet of Flathead Lake in the late 1930's by the 
Montana Power Company, is 204 feet high and impounds roughly 
1,217,000 acre-feet of water (Montana Power Go. brochure). 
The maximum drawdown of ten feet occurs in early spring just 
prior to the annual spring run-off; the lake is filled to 
capacity during the summer and early fall months. The maxi­
mum elevation of the lake is 2Ô92 feet.
III. CLIMATE
Climatic records were obtained from the U.S. Weather 
Bureau for Kalispell, Poison, and St. Ignatius, Montana.
Data for these three stations is presented in Figure 3.
The climate of the Flathead region is semi-arid. The 
normal yearly rainfall at Kalispell, Poison, and St. Igna­
tius is 15.42 inches, 15.03 inches, and I5.IO inches res­
pectively. The mean daily average temperatures for these 
three stations are 41.60, 45.50, and 46.OOF respectively.
The lowest temperatures are recorded in January and the 
highest in July, Maximum precipitation occurs in June.
The major part of the Flathead Lake watershed has 
somewhat lower temperatures and higher rainfall than around 
the lake. For example, Polebridge (Figure 1) has an
Reproduced with permission o f the copyright owner. Further reproduction prohibited w ithout permission.
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average annual rainfall of 23,92 inches and an average yearly 
temperature of 39«0°F. Hungry Horse Dam (Figure 1) has an 
average yearly rainfall of 31.52 inches and an average 
yearly temperature of 42.6°F,
IV. PREVIOUS WORK IN AREA
Johns {19641 pp. 4-5) presents an excellent review 
of the geology and physiography previously described in 
this area. Smith (I965) studied the glacial and fluvial 
landforras adjacent to Big Arm Bay on the west side of Flat­
head Lake. The U.S. Geological Survey is currently study­
ing the ground water resources of the upper and lower Flat­
head Valley,
Swain (1961) included pH and Eh measurements and a 
general description of Flathead Lake sediments in a study 
of the limnology and amino-acid content of lake deposits 
in Minnesota, Montana, Nevada, and Louisiana,
Richmond, et al, (196$), has attempted to correlate 
various stages of glaciation in the Flathead Valley with 
continental glaciation elsewhere.
V, REASON FOR STUDY
This study was undertaken with the objective of 
broadly defining the physical and chemical environments of 
Flathead Lake, To accomplish this it was necessary to
Reproduced with permission o f the copyright owner. Further reproduction prohibited w ithout permission.
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collect data concerning mineralogical assemblages, size dis­
tributions, Eh-pH measurements, temperature measurements, 
and chemical analyses of lake waters. A study of sediment 
source areas, including rock types and structural features, 
was considered essential for meaningful interpretation of 
much of the data.
VI. PRESENT STUDY
Collection of lake-bottom sediment samples by Peter­
son dredge was done mainly by Dr. Arnold Silverman and David 
Pevear of the University of Montana Geology Department the 
summer of 1966. Temperature and pH measurements of both the 
surface and bottom waters were collected at the same time. 
Gravity cores, about two feet long, were also obtained 
throughout the lake but were not dealt with in this study.
I spent the major part of the summer of 196? deter­
mining sand/silt/clay percentages for the lake sediments and 
doing X-ray analysis of the clay minerals. In the fall of 
1967, the bedrock geology of the south half of the lake-shore 
was mapped and several more samples were taken from various 
parts of the lake. Several clay samples were also collected 
from glacial drift in the upper Flathead Valley.
Research activities during the winter of 1967-1968 
included a detailed size-analysis of selected sediment 
samples, and further analysis (qualitative and quantitative)
Reproduced with permission o f the copyright owner. Further reproduction prohibited w ithout permission.
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of the clay-minerals. A computer program was devised to 
calculate the graphic mean, inclusive graphic standard de­
viation, skewness, and kurtosis for those samples which 
were thoroughly size-analyzed. Three gravity profiles were 
run, two north-south across the Big Draw and one east-west 
across the southern Flathead Valley, to determine bedrock 
configurations in those areas overlain by glacial drift.
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GEOLOGY OF THE AREA
I. STRUCTURE
The general structure of the Flathead area consists 
of gentle asymetrical folds trending north to northwest and 
post-folding, north-trending normal faults creating graben 
structures. The age of folding and onset of faulting has 
usually been postulated as Laramide, although evidence out­
side the area indicates the folding may be as early as Pre- 
cambrian in age. Movement along the faults has probably 
continued intermittently up to recent times (Pardee, 1950), 
General inclination of strata in the area is to the north­
east with dips ranging from 20° to 45°.
The Flathead Valley is either the southward extension 
or a main branch of the Rocky Mountain Trench (Pardee, 1950), 
Geologic mapping of the east shore of the lake, and an east- 
west gravity survey line^ about five miles south of the lake 
indicate that the Flathead Valley is a graben structure down- 
dropped at least 9000 feet on the Mission (east) fault and 
7000 feet on the west fault (Plate I and Figure 4). Local 
geologic relationships indicate that both the east and west
 ̂A description of the gravity work and accompanying 
data is given in Appendix V.
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faults are of normal types with high angle dips to the west 
and east respectively.
Due to gravity interpreted horst and graben faulting 
across the Flathead Valley, the central portion of this 
graben structure reaches the surface in certain locations. 
Throughout the central part of the valley, the fill aver­
ages 1000 to 1200 feet deep. At least 600 feet of this 
valley fill may be Tertiary sediments (Alden, 1953) and the 
remaining is glacial drift.
Johns (1964) has mapped ” . . .  a gentle north- 
plunging symmetrical anticline (which) extends northwestward 
from Proctor, Montana (see Figure 2) through Lake Mary Ronan 
across the Flathead Lake and Elmo Quadrangles." This struc­
ture is breached west of Elmo, Montana by a steep-sided 
valley two to six miles wide called the Big Draw. For some 
time it has been thought that the Big Draw was a pre-glacial 
drainage of the Flathead River out of the Flathead Valley 
(Elrod, 1903). In order to delineate its bedrock floor, two 
north-south gravity lines were run across the Big Draw, one 
(B) seven miles, and the other (C) two miles west of Elmo. 
Figures 5 and 6 show the two gravity profiles with superim­
posed topography. (See Plate I for the location of these 
two gravity lines.)
A steep, north-dipping normal fault with a minimum 
throw of 3000 feet bounds the south side of the Big Draw.
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The surface reflection of this fault is a very straight, 
steep escarpment, quite noticeable on topographic maps of 
the area. In a roadcut two miles southeast of Elmo on 
U.S. 93, I mapped a normal fault dipping 73° to the north 
in what was tentatively identified as undifferentiated Pie­
gan on the north side of the fault and undifferentiated 
Ravalli Group strata on the south side. This may be either 
the main south-side fault or a subsidiary parallel fault.
The surface expression of the eastern extension of this 
fault may be the submerged escarpment north of the Flathead 
Lake Narrows (Silverman, personal communication).
A steep, south-dipping normal fault with a vertical 
. displacement of at least 2000 feet in places forms the north 
side of the Big Draw. The surface reflection of this fault 
is not so evident as that on the south side, possibly due 
to the presence of smaller faults paralleling the main break.
The exact relationship of this structure to general 
tectonism in the Rocky Mountains, and to the broad regional 
structures of the area, is unknown at this time.
Locally, then, the general inclination of the strata 
in the area of Flathead Lake is to the northeast with dips 
from 20° to 45°. In places there are local reversals along 
the east shore. The Flathead Valley is bounded on the east 
and west by normal faults having displacements of 9000 and 
7000 feet respectively. An east-west trough extending west
Reproduced with permission o f the copyright owner. Further reproduction prohibited w ithout permission.
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from Flathead Lake (the Big Draw) has also been shown to be 
a graben structure.
II. BEDROCK DESCRIPTIONS
Johns (1964) mapped southeastern Flathead County 
and northern Lake County, which included lakeshore geology 
down to Latitude 47°52'26", the boundary line between Town­
ships 24 and 25 N. The present study includes mapping of 
the lakeshore geology from this line south to the end of 
the lake (Plate I).
In this area, exposed rocks belonging to the Belt 
Supergroup (Johns, 1964) have been divided into the Ravalli 
Group (undifferentiated), and the lower and middle units of 
the Piegan Group (Figure 7).
Ravalli Group (undifferentiated)
Ravalli Group rocks crop out along U.S. 93 on the
west shore of Flathead Lake from Poison to north of Dayton
and in various places along the east shore.
Johns (1963, p. 1) reports that:
Ravalli strata in the north part of the Mission Range . 
in the Somers Quadrangle are thin- and medium-bedded, 
medium gray, light-gray, and purple-gray, red, and 
green-toned argillites interbedded with white fine- 
and medium-grained quartzite.
Rocks that appeared in the field to be argillites are 
microscopically characterized as fine-grained siltites with
Reproduced with permission o f the copyright owner. Further reproduction prohibited w ithout permission.
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micaceous material forming laminae parallel to the bedding 
planes. They are composed of quartz {90%) with abundant 
chlorite (up to and minor amounts of biotite (I^J,
garnet (1%), pyrite (trace), and hematite (rare).
The major portion of the chlorite grains are aligned 
parallel to bedding, indicating a lower greenschist facies 
of regional metamorphism. Most of the biotite grains and a 
few of the chlorite grains are bent and cross the chlorite 
laminae in the rock. These chlorite and biotite grains may 
be detrital or may be due to an earlier metamorphism of the 
rocks. In one thin-section a trace of albite was found.
Beds of slightly calcareous argillites and quartzites are 
found in the upper part of the Ravalli Group.
The surfaces of the argillites and quartzites are 
commonly covered with ripple-marks and mud-cracks, Intra- 
formational conglomerates forming bands one to two inches 
thick are characteristic. The total Ravalli Group is about 
10,000 feet thick (Johns, 1964).
Piegan Group
Piegan Group rocks form the tip of Finley Point, 
the islands in the Narrows, and the eastern extension of 
land west of the Narrows (Plate I).
The Piegan Group was divided by Johns (1963) into 
three units, the lower two of which were identified in the
Reproduced with permission o f the copyright owner. Further reproduction prohibited w ithout permission.
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mapped area. The lower unit (P^) was characterized by 
interbedded calcareous green argillites and muddy brown 
limestones. Its thickness west of Flathead Lake is esti­
mated by Johns (1964) to be 1200 feet. The middle unit 
(Pg) in the mapped area is a series of interbedded silty 
limestones and dolomites, characteristically dark grey on 
fresh surfaces and weathering light brown. Pits and pock­
ets one to four inches across and up to three inches deep 
on the weathered surfaces are also characteristic of this 
unit, though not confined to it. The differential pitting 
and weathering is probably caused by varying grain sizes in 
the rock or differing amounts of dolomitization. The 
thickness of this unit is about $000 feet (Johns, 1964).
Three thin-sections,of what is believed representative of 
the middle unit, contained up to êO% calcite, 15% quartz, 
and 4^ chlorite. Dolomite was not recognized in these thin- 
sections, but this does not rule out its presence elsewhere.
The contact between the Ravalli and Piegan Groups is 
gradational; the lower unit of the Piegan Group spans this 
change from clastic to chemical rocks. For this reason, the 
contact between the Ravalli Group and Piegan Group was 
placed just below the lowest recognizable limestone bed.
The boundary between the lower and middle units of 
the Piegan Group was placed above the last-appearing argillite 
beds, since this marks the end of the transition from clastic 
to chemical rocks.
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GLACIAL HISTORY OF FLATHEAD VALLEY
At least twice during Wisconsin time, ice moved down 
the Rocky Mountain Trench and advanced into the Flathead 
Valley. Upon retreat of the ice, two terminal moraines were 
left, one about eight miles south of Ronan and the other 
just south of Flathead Lake (Figure #).
According to Alden (1953), two advances of Wisconsin 
glaciation are recorded in the Flathead Valley. Richmond 
(1965) believed these to be the last two of the three Wis­
consin glaciations recorded elsewhere.
An ice sheet, moving down the Rocky Mountain Trench, 
coalesced with numerous smaller alpine glaciers, and moved 
finally into the northern portion of the Flathead Valley.
It was joined near Columbia Falls by an intermontaine gla­
cier moving southwest out of the Flathead River drainages, and 
again just north of Flathead Lake by a glacier moving north­
west out of the Swan River drainage (Figure Ô). As the Swan 
glacier moved south to join the main glacier, it over-rode 
the northern portion of the Mission Range as far south as 
Yellow Bay (Johns, 1964).
A lobe of the main glacier pushed west into the area 
of Big Arm Bay (Smith, 1965), as the main portion of the 
glacier over-rode the bedrock comprising the Narrows, and 
moved down the Flathead Valley to a point eight miles south
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of Ronan, Here, a large, arcuate hill or sf-.riQs of hills, 
extending from the Mission Range on the east to the Charlo 
Hills on the west (Figure 8) is considered to be the ter­
minal of the second advance of the Wisconsin Stage (Alden,
1953)• The third advance of the ice during Wisconsin time 
is evidenced by a terminal moraine (Alden, 1953) immediately 
south of Flathead Lake. Extending in an arcuate pattern 
from the Mission Range on the east to the Salish Mountains 
on the west (Figure 6), this moraine forms the natural 
barrier impounding Flathead Lake.
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SEDIMENTOLOGY OF FLATHEAD LAKE
I. SIZE DISTRIBUTION
Sediment size distribution within Flathead Lake is 
directly related to the position of the Flathead River delta 
at the north end of the lake and the shorelines (Plate 11).^ 
Locally-derived gravel is found on the east and west shores, 
and well-sorted sand on the north and south shores. Sedi­
ments with greater than 50^ clay-size content are found in 
the central portion of the lake.
The sandy beaches on the south shore are caused by 
reworking of glacial drift through wave action. The sandy 
material on the north shore has been deposited as a delta 
of the Flathead River and extends into the lake for a dis­
tance of about one mile. A paleo-delta in the northwest 
corner of the lake, indicated by a paleo-channel of the 
Flathead River and lake bottom topography (Silverman, per­
sonal communication), was positively identified by the 
presence of a high-sand sediment near-shore grading rapidly 
into a clay rich sediment.
The graphic mean, inclusive graphic standard deviation
2The clay percentage contours on Plate II are placed 
mainly by consideration of actual amounts present, but in 
some cases the exact positioning of the contour line was 
based also on consideration of lake bottom topography and 
points of introduction of the sediments into the lake.
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graphic skewness, and graphic kurtosis (Folk, 1965) were 
computed for twelve sediment samples (Table 1 and Figure 
13), Within the deltaic area, a medium to find sand grades 
rapidly southward to a very fine silt. In the deepest por­
tion of the lake, west of Yellow Bay, a coarse clay-size 
material was found. In Big Arm Bay, Skidoo Bay, and Poison 
Bay, the graphic mean indicates a very fine silt to coarse 
clay-size material.
TABLE I
SEDBÏENT PARAIŒTERS OF 12 SELECTED •SAMPLES
Sample GraphicMean
Inc. Graph. 
Dev.*
Graphic
Skewness
Granhic
Kurtosis
1 6.19 0 1.49 0 0.04 1.231A 2.86 0 0.44 0 . 0.05 1.04
9 4.03 0 0.70 0 0.01 0.9511 1.58 0 0.38 0 -0.03 0.96
14 7.06 0 1 .40 0 0.22 1.12
24 8.07 0 2.09 0 -0.07 0.83
31 7.38 0 2.52 0 0.26 0.85
44 8.30 0 3.73 0 -0.16 0.69
48 9.69 0 2.51 0 0.05 1.06
51 7.57 0 2.00 0 0.23 1.17
63 9.60 0 2.63 0 0.00 1.00
79 8.32 0 2.77 0 -0.25 1.18
*Inclusive Graphic Standard Deviation
The sediments on the Flathead River delta are gen­
erally well-sorted with near-symmetrical skewness and normal
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kurtosis, indicating a single source area {Flathead River) 
and currents of intermediate and constant strength (Folk, 
1965).
All other sediments checked are poorly to very poorly 
sorted. Those near the central portion of the lake are fine- 
skewed and leptokurtic, indicating a sediment composed pre­
dominantly of fine material with some coarser material from 
a different source. I believe the coarse material has 
moved away from shore by gravity slumping down the steeper 
parts of the lake floor; such gravity transport could have 
been triggered by severe storms. Gravels are not found on 
the delta, thus ruling out the possibility that this coarse 
material has been moved into the area by the Flathead River.
The sediments in the Big Arm and Skidoo Bays are 
slightly coarse-skewed and platykurtic indicating, accord­
ing to Folk (1965)1 two separate current energies; one, a 
weak current moving fine material, and the other a stronger 
current moving coarser material into the bays. The coarse 
material in Big Arm Bay was probably derived from glacial 
drift manteling the bedrock in the area. Coarse material 
may have moved into Skidoo Bay again by slumping action on 
steep bedrock slopes, as well as by reworking of glacial 
drift manteling the south shore of the bay.
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II. MINERAL CONTENT EXCLUSIVE OF CLAY-MINERALS
The minerai content of the deltaic sand-sized mater­
ial is extremely varied and consists of about 75^ quartz,
1552 calcite, 2% plagioclase, 2% orthoclase, and minor to 
trace amounts of magnetite, hypersthene, biotite, chlorite, 
hematite, garnet, microcline, hornblende, and zircon, in 
decreasing order of abundance. The quartz grains are non­
composite, sub-angular to sub-rounded, and somewhat strained. 
The other minerals are generally sub-^angular to angular, 
indicating a nearby source. The plagioclase has an An 
content of from 32$̂ to 37%; a few grains show exsolution 
features.
With increasing distance from the delta, quartz 
increases in relative abundance over feldspars and mafics. 
Calcite is not found in any of the sediments beyond the 
delta. This may be attributed to dissolution just below 
the sediment-water interface, where pH values fall below 
7.#, the lower limit of stability for calcite. Hematite 
is found in all the sediments, occurring mainly as a coat­
ing on quartz grains and commonly as discrete grains. 
Plagioclase (An2g to An^^) is always twinned, angular to 
sub-angular, and only occasionally shows incipient alter­
ation to clays. In contrast, most orthoclase is intensely 
altered to clays, although clear grains are also present.
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Some of the plagioclase grains in the deeper parts of the 
lake are zoned and some show exsolution features.
Hypersthene, found in trace amounts in about half 
the samples, is present in quantities much greater than 
generally expected, considering the distance to, and size 
of, any possible primary source. This problem is discussed 
more fully in a later section,
III. ORGANIC CONTENT
Dr, Royal Brunson, University of Montana Zoology 
Department, looked at two silt thin-sections of lake sedi­
ments and reported the presence of abundant plant tissue.
He also reported an extreme paucity of pollen grains, which 
is to be expected, since they are quickly destroyed in 
alkaline waters. Diatoms of the genera Melosira, Cvmbella, 
Tabellaria. and Naviculla were identified in these samples,
IV. SEDIMENT SOURCE
The rivers feeding Flathead Lake drain from mountain 
ranges composed primarily of the Precambrian Belt Super­
group and lesser amounts of Lower Paleozoic rocks contain­
ing abundant argillite, quartzite, dolomite, and limestone 
(Ross, 1959). The river valleys are partially filled with 
Tertiary rocks containing sand, silt, muds, and occasional
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volcanic ash beds (Alden, 1953) manteled by glacial debris 
from alpine glaciers.
Precambrian intrusive rocks form narrow sills and
dikes within the Siyeh Formation in Glacier National Park
and are found scattered throughout the Missoula Group in
the lower Flathead Range (Ross, 1959). Quoting from Ross
(1959, p. 56):
The rocks are composed principally of titaniferous 
augite, largely altered to hornblende, and zoned plagio­
clase that ranges in composition from Any< at the core 
to An25 ^ome of the outermost zones. Some separate 
hornblende crystals may be of primary origin. Most of 
the plagioclase is decidedly calcic. In addition, some 
potash feldspar, micropegraatitic intergrowths of quartz 
and opaque iron oxides, and such alteration products 
as sericite, chlorite, and calcite are present. The 
rock has a diabasic texture, obscured, however, by 
alteration products and interstitial micropegmatite, 
which commonly constitutes 10-20^ of the whole and 
which is locally more abundant.
Six thin-sections cut from rocks of the Ravalli and 
Piegan Groups surrounding Flathead Lake show abundant 
amounts of clays, quartz, calcite, and chlorite, minor 
amounts of biotite, garnet, pyrite (?), and a trace of 
albite.
The bedrock in the lake drainage area can supply a 
sufficient amount of all the non-clay minerals found in the 
lake except hypersthene. This mineral has been identified 
in three (G1A, G44, and G79) of nine thin-sections made 
from sediment samples (Figure 13, p. 7Ô). These three samples
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come from areas which overlie glacial drift— the Flathead 
River delta. Big Arm Bay, and the northwest corner of 
Poison Bay, Glacial till, derived in part from outside the 
defined drainage area, may contain this hypersthene. Re­
working of this till by wave action and local currents 
should result in placer deposits of heavy minerals. This 
is further substantiated by an anomalously high percentage 
of magnetite in these same sediment samples,
V. RATE OF SEDIMENTATION
Several 2 to 2^ foot cores were taken from deeper 
portions of the lake; and the top and bottom cuts were sent 
to Dr. Edward Olsen, Department of Geology, Whitworth Col­
lege, for radio-carbon dating. The results are not yet 
available; therefore, comments on recent absolute sedi­
mentation rates in Flathead Lake must be reserved for the 
future.
Erosion within the lower reaches of the Stillwater 
River has increased greatly since the 1920’s due to logging 
in the area (Konizeski, personal communication). The Still­
water appears to have changed from a dominantly side-cutting 
to a dominantly down-cutting river below Lower Stillwater 
Lake, indicating that sedimentation rates have perhaps 
increased considerably in Flathead Lake in recent years.
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The Whitefish, Swan, and South Fork of the Flathead Rivers 
carry little sediment to the lake because of dams or lakes 
near their points of confluence with Flathead Lake or trunk 
rivers which feed the lake. Dr. Richard Konizeski (personal 
communication) has reported that the North Fork of the Flat­
head River, during the spring run-off, carries a large amount 
of material to the lake, but no actual measurements have 
been made of bed loads in that stream. Suspended sediment 
data for the Flathead River, collected by the U.S. Geologi­
cal Survey at Columbia Falls, Montana, is presented in 
Table 2.
Table 2. Suspended sediment carried in the Flathead River
at Columbia Falls, Montana from October 1965 to Sep-
tember 1966 in tons per month.
October 1965 42 S2 April 1966 21 590
November 1965 3172 May 1966 490400
December 1965 10915 June 1966 246SOOJanuary 1966 Si 90 July 1966 10500
February 1966 2S9S August 1966 1741
I%rch 1 966 3005 September 1966 3585
Total SO707S
tons
VI. CLAY MINERALS 
Preparation of the clay-minerals^ for analysis followed
3ciay-minerals as used here refers to all clay-sized 
layer silicates.
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the procedure described by Kinter and Diamond (1956) and is 
reviewed in the Appendix.
Clays identified in the lake and surrounding glacial 
sediments were illite, montmorillonite, chlorite, and kao- 
linite. Biotite and vermiculite are probably present but 
in amounts too small to be identified by X-ray diffraction.
Distribution of Clav-Minerals in the Lake
Illite ranged from 66^ to 02/̂  of the total clay- 
mineral content with an average of 75^ (Table 3). No 
systematic variation within the lake is discernible. Mixed- 
layering of illite and montmorillonite was not found in any 
of the clay-mineral samples analyzed.
Table 3» Clay-mineral percentages in Belt bedrock, Flathead 
Lake bottom sediments, and glacial drift.
Bedrock 
(average of 
6 samples)
Lake 
(average of 
73 samples)
Drift 
(average of 
16 samples)
Illite 32# , 75# 69#Montmorillonite 4% 6—19/̂ 13#Chlorite 14# 12#Kaolinite trace 1-7# 0-2#
The chlorite content of the clays varied little from 
the average; and, as with illite, no systematic variation 
is seen.
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Kaolinite varied from less than to as much as 1% 
of the total clay-mineral content. There may be a tendency 
for the higher percentages to be absent from the deeper 
parts of the lake.
The amount of montmorillonite in the clays decreases 
from an average of 1 on the delta of the Flathead River to 
less than 10^ at the southern end of the lake (Figure 9). 
Seija (1959)j in a study of the clays in Glacial Lake Mis­
soula varves n§ar Missoula, Montana, found an increase in 
illite and decrease in montmorillonite with increasing dis­
tance from the point of entrance into the lake. He attri­
buted this to differential settling of the clay particles 
caused by varying tendencies toward flocculation of the two 
clay minerals, Rolfe (1957), in a study of surficial sedi­
ments in Lake Mead, found the same physical relationships 
between illite and montmorillonite. He attributed this varia­
tion to "sedimentation in a natural flocculating environ­
ment In a 2 Voo chlorinity solution, V/hitehouse, et al, 
(195Ô), found that kaolinite, chlorite, and illite settle 
at about 1 cra/min whereas montmorillonite settles at 0,02 
cm/min, Porrenga (1966) in a study of clays on the Niger 
River delta, reports that montmorillonite does increase off 
the delta relative to kaolinite, and attributes this to 
varying degrees of flocculation of the clay-minerals in a 
saline environment, causing varying sedimentation rates.
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No experimental data exists for settling velocities 
of the various clay-minerals in fresh-water. However, it 
may be that the geographic variation previously described 
is due to preferential flocculation of montmorillonite in 
fresh water. Therefore, montmorillonite would settle more 
rapidly than the other clay-minerals upon reaching the 
relative quiescent environment of the Flathead River delta.
The high percentages of montmorillonite along the south 
and east shores of Skidoo Bay (Figure 9) are probably caused 
by reworking of glacial drift by wave action on the south 
shore of the bay (see Plate I) and current movement of the 
sediment to the northeast.
Source of Clav-Minerals in Flathead Lake
Six samples of bedrock were analyzed for clay-mineral 
content (Table 4). They contained an average of illite,
14^ chlorite, montmorillonite (perhaps including some 
expandable vermiculite), and traces of kaolinite (Table 3). 
Dwight Maxwell (1964), in a study of the clay-minerals in 
these same rocks over a much larger area, found an average 
of è7% illite and ^^% chlorite, with a trace of kaolinite 
in a few samples.
Sixteen clay-mineral samples of glacial drift (Table 
4) contained an average of 69^ illite, “13% chlorite, “10% 
montmorillonite, and about ^% kaolinite (Table 3). Appen­
dix IV (p. 66) gives the location of each of these samples.
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The principle source of this glacial material is the bed­
rock mentioned above and similar bedrock further north in 
British Columbia. The lower illite and higher montmoril­
lonite percentages in the glacial drift are due either to 
the weathering of illite to montmorillonite (Jackson, 1952), 
or to the reworking by glacial action of Tertiary sediments 
similar to those exposed along the North Fork of the Flathead 
River (Alden, 1953).
The bedrock clay-mineral abundance figures, when com­
pared with those for Flathead Lake, indicate that; (T) the 
source of the clay-minerals within Flathead Lake is a com­
bination of bedrock and glacial drift and possibly Tertiary 
sediments; and (2) kaolinite is forming within the lake, 
and/or is being contributed by Tertiary sediments to the 
north. The clay-mineral contribution of these Tertiary 
sediments is unknown at this time. The possible formation 
of authigenic kaolinite is discussed in a later section.
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Table 4. Clay-mineral percentages of glacial drift and bed­
rock samples near Flathead Lake,
Number Illite Mont. C/Kĵ
*01-1 68 18 1401-2 67 18 1501-3 ’ 76 8 16
01-4 66 22 12
01-3 64 25 1201 —6 62 23 15
01-7 71 13 1601-8 72 13 15
01-9 79 10 1101-10 64 25 10
01-11 42 43 15 '01-12 61 28 11
01-13 82 5 1301-15 68 19 14
01-16 73 15 1201-17 11 _4 15
Average 69 18 14
M-1 84 7 9 Argillite
M—44 71 0 29 Siltstone
M-24 100 0 0 Quartzite
M-25 81 13 6 ArgilliteM-30 82 0 18 Argillite
M-34 69 -i 26 Dolomite
Average 81 4 Ti
*The first set of numbers are for clay samples from glacial
material throughout the Flathead Valley. The second set 
of numbers are for clay samples from bedrock on each side 
of Flathead Lake,
#C/K refers to chlorite plus kaolinite percentages.
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CHEMISTRY OF FLATHEAD LAKE
Eh and pH measurements (Figure 10) and chemical 
equilibrium calculations (see section on hematite) indi­
cate Flathead Lake has a year-round oxidizing and slightly 
basic environment throughout. In the deeper portions of . 
the lake, the pH is 0,3 to 0,4 units less than the average 
surface pH of 3,1, Within the bottom sediments, pH mea­
surements indicate a slightly acidic environment of about 
pH 6.5* Eh appears to vary between 100 and 200 millivolts 
(Swain, 1961).
The temperature of the surface of the lake was a 
constant 17® to 16® C, in the summer of 1966, In the 
deeper areas of the lake, the temperatures dropped to as 
low as 7® near the bottom,
I. POSSIBLE AUTHIGENIC MINERALS
Silica, hematite, kaolinite, and possibly calcite 
can form authigenically in an environment such as Flathead 
Lake (Figures 11 and 12),
Calcite
Krumbein and Carrels (1952) place the limestone fence 
at about a pH of 7.6 (i.e. limestone will precipitate above 
a pH of 7,6 and will dissolve below that value). Since 
many of the pH measurements from the lake waters are greater
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than 7.Ô, theoretically, calcite could be precipitating in 
certain areas. However, as mentioned previously, calcite 
is not present in sediments off the delta, indicating that 
solution of the calcite is occurring as a result of higher 
acidity just below the sediraent-water interface.
Silica
Garrels and Christ (19^5, p. 361) show that based on 
the system KgO-AI20^-Si02-H20 (at 25® C. and one atmosphere 
of pressure) silica is not stable, or at best is metastable, 
in most ground and stream waters, due to low silica concen­
trations in these waters. This is based on the assumption 
that maximum silica solubility at low temperatures is con­
trolled by amorphous silica rather than by quartz (Siever, 
1957). Siever (1957) reports that the solubility of silica 
is essentially independent of pH below about 9, and that the 
equilibrium solubility of amorphous silica is about 140 ppm. 
Professor Ardin Gaufin of the University of Montana (personal 
communication) reports a concentration of from 2 to 7 ppm 
of silica in Flathead Lake waters (Table 5). This data 
indicates that silica cannot be forming by a strictly 
chemical process in the lake. This by no means rules out 
organic deposition of silica. In fact, Swain (1961) re­
ports the presence of flagilaroid diatoms in sediments 
dredged from the bottom of Flathead Lake and four genera
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Figure 10. Eh and ph data for 
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Kaolinite
According to equilibrium calculations of Garrels 
and Christ (1965), kaolinite is the only mineral in the 
system KgO-AI20^-Si02-H20 at 25° C, and one atmosphere 
pressure (Figure 12), which could be forming in Flathead 
Lake. Chemical analyses of the lake waters (Table 5) 
show a silica concentration ranging from two to seven ppm. 
Potassium analyses are not available for Flathead Lake, but 
data has been collected from the Flathead River near Col­
umbia Falls, Montana by the U.S. Geological Survey
pH- 7.0
Eh
% u
Hematite 
Limonite 
Mn Oxides 
S ilic a  
Chamosite
0 .0 -------ORGANIC r-E T T C E - -  " g '-------Ë7TTÔ
Peat
\
Calcite  
hematite 
lim onite  
Mn oxides 
S ilic a
Flathead Lake
Organic
matter
S ilic a
C alcite
Organic matter
Hematite
Limonite
Figure 11. Sedimentary chemical end-member associations in  th e ir  
relations to environmental lim ita tio n s  imposed by selected Eh 
and pH values (Adapted from Krumbein and G arrels, 1952).
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Figure 12* Stability relations of some phases In the system
K^O-AlpC^SlOg-I^O at 25° C* and 1 atmosphere, as functions 
of [K*J/prJand {hüiSlOî l, (From Garrels and Christ, I965,
p. 361) ,
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(Table 5)* The potassium concentration for this river 
water is reported as 0.5 ppm. Mason (1966, p. 199) re­
ports the average potassium concentration for river waters 
is 2.3 ppm. Since a large amount of fertilizer-saturated 
water returns to the Flathead River between Columbia Falls 
and Flathead Lake, the potassium concentration may reach 
levels as high as 4 ppm.
Table 5. Chemical analyses of Flathead Lake and the Flathead 
River, in parts per million.
F.R.* F.L.# F.R.* F.L.#
SiOo 4.5 2.-7. SO/, 3.9Fe — 0.1 Cl 1 .0 0.15
Ca 25.0 54.-68. F 0.1 —
Mg 5.8 8.-32. NOo 
B ^
0.1
Na 1.2 — 0.01 -
K 0.5 Cr — .01-.05HCOo 102. 60.-80. Cu — 0-.05
CO^" 0.0 0.-10. A1 - .04
^Flathead
(1966)
River data from Water Resources Data for Montana
/^Flathead Lake data furnished by Professor Arden Gaufin of 
the University of Montana (personal communication).
- data not available.
These four parameters, silica 2 to 7 ppm and potas­
sium 0.5 to 4 ppm, are plotted on Figure 12 using a constant 
pH of 8.0. The environment of Flathead Lake plots well 
within the kaolinite stability field. The possible reactions
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by which kaolinite is formed (Garrels and Christ, I965) are 
independent of Eh; and, therefore, they may form in either 
an oxidizing or reducing environment. Kaolinite is, there­
fore, probably forming in the lake by reconstitution of 
amorphous material derived from the breakdown of such 
minerals as feldspars, illite, and montmorillonite.
Hematite
Govette (1966), in attempting to derive a model for 
formation of banded iron ores, describes the phenomena of 
density (or thermal) stratification and overturn which oc­
cur quite commonly in lakes. Quoting from Govette (1966,
p. 1196):
Some of the characteristics of lacustrine density strat­
ification are due to the fact that fresh water achieves 
its maximum density at about 4° C. As a result of this, 
and the fact that heat exchange occurs only at the sur­
face of the lake, all except the shallowest lakes that 
are kept mixed by the wind develop a density stratifica­
tion (known as thermal stratification) for at least 
part of the year. Thus, the surface water— the epilim- 
nion— will become warmed in spring and early summer 
and will overlie cooler, deeper water— the hypolimnion.
This condition of stability will persist until autumn when
the temperature of the epilimnion begins to decrease. When
the epilimnion and hypolimnion temperatures become equal,
free circulation within the lake can occur. This is the
autumn overturn. If the temperature of the hypolimnion is
greater than 4° C., convective overturn will occur when the
epilimnion temperature falls below that of the hypolimnion.
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If the surface temperature falls below 4° C., another den­
sity stratification may occur with colder water overlying 
warmer water throughout the winter months, resulting in a 
spring overturn.
Thermal stratification causes disequilibrium in the 
hypolimnion waters in relation to the atmosphere; whereas, 
the epilimnion remains in equilibrium. Due to oxidation 
of the carbonaceous material in the sediments, the hypo­
limnion will soon become oxygen-depleted; and the redox 
potential will drop from about 500 millivolts (rav) to about 
300 mv (assuming sufficient organic material). Under this 
lower redox potential (and at pH’s of 3.5 to 4.5), dis­
solved ferrous iron (Fe*̂  ̂) may reach concentrations as high 
as 30 ppm; whereas, in normal oxygenated river and lake 
waters, the concentration is between 0.05 and 0.2 ppm 
(Hutchinson, 1957). The low solubility is the result of 
the extreme insolubility of Fe20^. The increased iron 
content in the hypolimnion will come from the reduction 
of ferric iron (Fe‘*'3 ) settling down from the epilimnion, 
and ferrous iron (Fe*̂ )̂ migrating up and out of the sedi­
ments. When circulation is restored, the redox potential 
increases to about 500 mv, and Fe"̂  ̂ is oxidized to Fe"*"̂  and 
deposited as FegO^ (Govette, 1966).
Temperature measurements within Flathead Lake indicate 
thermal stratification does exist within the lake during the
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summer months. Gaufin {personal communication) reports 
that the depth to the thermocline varies from 10 to 20 
meters depending on water depth and time of year.
A thin, red, iron-oxide layer on top of most of the 
sediment samples collected from Flathead Lake is present 
for one of the following reasons:
1. The hypolimnion is stagnating and has Eh-pH
conditions suitable for reduction of Fe'*'3 
to Fe"**̂ . This means: (1) the hypolimnion
must be saturated with Fe"*"̂  and, therefore, 
no more iron can go into solution; or (2 ) the 
reaction Fe203+6H**"=2Fe'^^+3H20 is exceedingly 
slow, and the iron oxide layer is a residuum 
from the last period of free circulation.
2 . The hypolimnion, though static, is not stagnant;
and iron-reducing conditions are never attained. 
These possibilities may be tested using equilibrium relation­
ships and chemical data from the lake.
During the summer of 1966, the pH of bottom waters 
at Flathead Lake was found to be about 8.0. Swain (I960) 
reports Eh measurements in Big Arm Bay between 115 mv and 
211 mv (Figure 10, p. 41). Using a pH of 8.0, Eh of 200 
mv, and the following equations relating hematite and fer­
rous iron to Eh and pH:
1. 2Fe+2+)H20=Fe20.+6H++2e
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2, Eh=0,728-0,0591og [Pe'̂ ĵ-0,177pH (Garrels and
Christ, 1965)
one may calculate that at equilibrium, the water above the 
sediment-water interface contains about 0,5 ppm of Fe"*"̂ ,
This is far below the 30 ppm indicated by Govette (1966) 
for a saturated Fe"̂  ̂ solution in the hypolimnion, and is 
actually quite comparable to the 0,1 ppm reported by Gaufin 
(personal communication) in the waters of Flathead Lake.
A pH of 4.1 is necessary to have a concentration of Fe"̂  ̂
of 30 ppm at an Eh of 200 mv.
An objection can be made that the Eh measured in Big 
Arm Bay is not representative of that in deeper portions of 
the lake. Again assuming a pH of 8,0 and saturation of the 
bottom waters with Fe"̂ 2 (on the assumption that solution of 
the oxide layer would take place within a few days under 
favorable Eh-pH conditions), at equilibrium, the Eh of the 
bottom waters must be -901 mv, which is much too low for 
natural environments (Bass Becking, et al,, I960, p. 243)*
A different approach to the problem can be made by 
using the average pH values of about 6,5 found in the bot­
tom sediments (Silverman, personal communication). Again, 
we assume that the bottom waters must be saturated with 
Fe"*"̂  if thermal stratification is occurring. One can then 
calculate that the Eh in the bottom sediments would be about 
-600 mv which, again, is much too low for natural environ­
ments (Bass Becking, et al,, 1960, p. 243).
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From the above considerations, it can be inferred 
that the hypolimnion is not saturated with respect to Fe'*'̂ ,
A simple laboratory experiment will show that the reaction 
^^2^3 Fe"̂  ̂+3Hg0 under the proper Eh-pH conditions
will achieve saturation in less than one hour.
This leaves only the second possibility— a static, 
non-stagnant environment in which iron-reducing conditions 
are never attained. Eh potentials below 200 mv and pH’s 
below 7.6 do not occur presumably due to the low amounts 
of organic material reaching Flathead Lake.
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CURRENTS IN FLATHEAD LAKE
Both visual observations and the size and minera- 
logical distribution of sediments make possible certain 
tentative conclusions concerning current directions in 
Flathead Lake,
The Flathead and Swan Rivers are the two major 
sources of bottom currents in Flathead Lake. These two 
southward-moving currents are kept separated by a topographic 
high extending from immediately south of the Flathead River 
delta to just north of the Narrows (Silverman, personal 
communication). Neither current can be traced south of 
Yellow Bay on the east shore and Rollins on the væst shore.
V/ind-produced surface currents moving sediment from 
south to north along the east shore of Skidoo Bay (see 
p. 36 for discussion) are indicated by the distribution 
of montmorillonite in that area.
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SUMMARY
Flathead Lake is situated in a graben structure near 
the southern end of the Rocky Mountain Trench and is im­
pounded on the south side by a terminal moraine. The Big 
Draw, an east-west trough extending west from Flathead Lake, 
has also been shown to be a graben structure.
Precambrian age rocks belonging to the Ravalli and 
Piegan Groups were identified in this area. Ravalli rocks 
consisted of thin- to medium-bedded, gray to reddish-gray 
argillites, siltites, and quartzites. The Piegan Group, 
divided into a lower and middle unit locally, is composed 
of green,and gray argillites, limestones, and massively 
bedded limestones and dolomites.
Size distribution of the sediments in Flathead Lake 
is directly related to the Flathead River delta at the north 
end of the lake and the shorelines of the lake. Well-sorted 
sand grades rapidly off the delta into poorly-sorted fine 
silts and coarse clay-size material. Locally-derived gravels 
are found near shore on the east side of the lake. Sedi­
ments from the deep, central part of the lake contain up to 
55^ clay-size material,
Clay-minerals identified in the lake are illite, mont­
morillonite, chlorite, and kaolinite. Illite ranges from 66^ 
to montmorillonite from 6^ to 19fo, chlorite averages
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about 12^, and kaolinite ranges from to Tja of the total 
clay-mineral content in the sediments. Montmorillonite 
decreases in relative amount from the Flathead River delta 
south due to inferred preferential flocculation and sedi­
mentation.
The source of the sediments within Flathead Lake is 
a combination of Precambrian bedrock, glacial drift, and 
Tertiary sediments. The amount contributed by each source 
is not presently known.
The waters of Flathead Lake are mildly alkaline and 
oxidizing throughout with pH values of 8.2 to 7.6, and Eh 
values ranging from 200 mv to perhaps as low as 100 mv.
Silica, hematite, and kaolinite are forming in the 
lake in extremely small amounts. Silica is forming through 
organic activity, and hematite by oxidation of Fe*̂  ̂to Fe"*"̂  
at the sediment-water interface. Kaolinite is probably 
forming through the reconstitution of amorphous silica and 
alumina derived from the breakdown of other clays and feld­
spars.
Thermal stratification and its accompanying overturn 
has been shown to occur in the lake during the sumroer months,
Currents within Flathead Lake, generated by inflow 
from the Flathead and Swan Rivers, flow north to south on 
both the east and west shores, but can be traced only about 
half the length of the lake. Counter-clockv^ise surface cur­
rents are present in Skidoo Bay.
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SUGGESTIONS FOR FUTURE WORK
It should be emphasized that, due to the great variety 
of problems in Flathead Lake, the present study can hope to 
be no more than a preliminary estimate on the physical and 
chemical environment of the lake, and to help guide future 
research. Each aspect of the lake dealt with in this thesis 
could easily comprise a major research effort if given full 
attention, A few of the major problems left unsolved by 
this work are discussed below,
1. CHEMISTRY OF FLATHEAD LAKE
More extensive temperature measurements should be 
taken, along with pH-Eh measurements within the lake sedi­
ments, Such measurements, taken in both summer and winter, 
combined with chemical analyses of surface and bottom waters, 
would help to determine more fully the chemical and physical 
conditions of Flathead Lake and more clearly define the 
possible authigenic phases that may be forming in the lake 
sediments,
II. CORE SAMPLING
Longer core samples should be obtained and analyzed 
to determine vertical distribution of sediments in terms 
of both size and mineral content. Cores taken on the delta 
may yield carbon contents sufficient for age-dating, and 
thereby the rate of sedimentation within the lake.
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APPENDIX I
LABORATORY PROCEDURE
Sediment Size Analysis Procedure
For clarity and organization, a step by step pro­
cedure will first be given with as little discussion as 
possible. Following this, an explanation of each step 
will be given along with the theory of the procedure 
(adapted from Folk, 1965).
1. Mix sample thoroughly, remove about 20 grams of the
sample and place this in a 400 milliliter beaker,
2. Fill beaker with distilled water and place in an ultra­
sonic disaggregator for 4 to 12 hours,
3. Wet-sieve contents of beaker through a 40 sieve and
catch the sediment and water passing through the
sieve in a 1000 ml cylinder,
4. Dry sieve and sand in a 90*̂  C. oven and then weigh and
record amount of sand caught on the sieve.
5. Allow the material in the cylinder (after filling to
1000 ml) to sit undisturbed for a few hours (over­
night, if possible) to determine if flocculation of 
the clays is occurring.
a. If flocculation occurs, add a known amount of
dispersant to the cylinder contents.
b. Stir, and again let sit. If flocculation occurs
repeat "a"; if not, go on to step 6.
6. Materials
a. A 20 ml capacity pipette marked at distances of
5 cm. and 20 cm. from the tip.
b. Two 50 or 100 ml beakers; label them, dry them
in a 900 c. oven, and weigh them to the near­
est thousandth of a gram.
c. A stopwatch or, at least, a watch with a sweep-
second hand.
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7. Stir cylinder contents vigorously, finishing with long 
up and down strokes.
Wait 20 seconds and pipette off 20 ml of suspension 
from a depth of 20 cm, and place this suspension in
the properly labeled beaker*from step 6,
9; Rinse out the pipette with 20 ml of distilled water
and place this rinse in the beaker with the rest of 
the withdrawn suspension,
10, Let cylinder set for about 3 hours (the precise length .
of time depends on the temperature of the suspension 
(see Table 6, p, ).
11, Draw off 20 ml of suspension from a depth of 5 cm, and
place this in the second beaker from step 6. Rinse
the pipette as in step 9.
12* Evaporate the beaker contents to dryness in a 90® oven; 
let the beakers come to room temperature, and weigh 
them with their contents,
13, (/Weight of beaker 1 and contents/ - /weight of beaker 2/)
X 50 = total silt and clay in the sample,
14, (/Weight of beaker 2 and contents/ - /weight of beaker
X 50 = total clay in sample.
15, (Sand//sand + silt + claj^) X 100 = percent of sand in
sample,
16, (Clay//sand + silt + clay/) X 100 = percent of clay in
sample,
17, 100^ - sand^ - clay^ = silt^.
Explanation of Procedure
1, The sample must be mixed thoroughly to insure an un­
biased 20 gram sample. If the sample is moist, mix­
ing may best be done by .quartering the sample until 
about 20 grams is separated. If the sample is dry, 
the use of a sample splitter is probably best.
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2. The ultrasonic disaggregator used is a Bendix ultrasonic
generator, Type No. Sec. 40AB-2. If the sample had 
remained moist since collection, I found that 3 to 
4 hours in the disaggregator was sufficient to insure 
separation of all the particles. If the sample had 
been allowed to dry after collection, disaggregation 
was much more difficult and required up to 12 hours 
in the disaggregator, especially if the clay-size 
content was high in the sample.
3. According to Folk (1965, p. 25) 40 is the lower limit
of sand sizes. Two circumstances may make it diffi­
cult to wet-sieve the sample with 1000 ml of distilled 
water or less.
a. Incomplete disaggregation— This is remedied by
placing the aggregates in the ultrasonic dis­
aggregator for further treatment.
b. Extreme flocculation of the clay-size particles—
Place the unsieved material in a beaker of 
distilled water. Add a known amount of dis­
persant to the beaker contents until floccula­
tion ceases. Then pour the beaker contents 
back onto the sieve and continue with the 
wet-sieving.
4. After drying the sieve and sand, shake the sieve over
the cylinder to remove any material less than 40 
in size which remained after wet-sieving. The rea­
son for some less than 40 material remaining after 
wet-sieving is that the water coating the wires in 
the sieve causes the holes to be somewhat less than 
40 across, thus holding material that would otherwise 
pass through. This effect is most noticeable when 
the modal size of the sediment sample is about 40.
Save the sand-size material for further analysis if de­
sired.
5. The dispersant which I used and found quite effective
was a common household water softener (Calgon) which 
was recommended to me by David Pevear (personal com­
munication). The amount of dispersant added must 
be known since it must be subtracted from samples at 
a later stage of the analysis (step 13).
6. Labelling the beakers was done with a water soluble ink
to facilitate cleaning the beakers.
7. Complete and thorough stirring is very important. Iused a long glass tube with a ^6 rubber stopper placed 
on one end and found this quite effective. Beginning
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with a circular motion at the bottom of the cylinder, 
slowly change to long up and down strokes toward the end.
8. According to Folk (196$), waiting 20 seconds allows 
enough time for the currents in the cylinder to 
dissipate and still is too soon for any sediment size 
less than 40 to have settled past the 20 cm. depth.
10. The exact amount of time is determined by the following 
equation and procedure (Folk, I965).
Tĵ in. = withdrawal depth / (1500 X A X Dia.^)
"A" is a constant dependent on the water temperature 
and the density difference between the water and the 
settling particles. The temperature was taken to be 
24° C. and density of the particles to be 2.65 gm/cc. 
Using Table 6b (p. 63) we find that A = 3.93. If 
the diameter of clays is considered to be 2 microns 
(2 X 10”3irm) and the withdrawal depth to be 5 cm. 
then the time required is 3 hours and 14 minutes.
12, The temperature of evaporation should not be greater
than boiling as this may cause loss of some of the 
sediment by spattering and may also cause loss of 
some of the interlayer water in the clay-minerals.
The sediment, after evaporation, is allowed to 
equilibrate with atmospheric humidity. I found that 
the beakers and contents gained weight rapidly when 
first exposed to cooler air and rather than attempt­
ing to keep and weigh the samples in an absolutely 
dry environment, it is better to allow everything to 
come to equilibrium with the atmosphere in order to 
insure greater precision without impairing the ac­
curacy.
13. The theory behind the pipette procedure is that any
sample extracted is representative of the total 
cylinder contents. In other words, that sample 
extracted after 20 seconds contains 1/50th of the 
total contents in the cylinder. Therefore, we need 
only subtract the weight of the beaker from the weight 
of the beaker plus sample and multiply this by 50 
to obtain the weight of the total contents in the 
cylinder. If any dispersant was added at any time, 
1/50th of the total amount added must be subtracted 
from the contents of the beaker before multiplying 
it by 50.
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TABLE 6a
SETTLING TIMES FOR PARTICLES OF VARIOUS SIZES
Phi Dia.2 Depthcm. Timemin. Hours Mins. Secs.
4.0 3.91 X 0-3 20 0.79 0 0 474.5ÿ 1.94 X 0-3 20 1.60 0 1 36
5.0 9.61 X q-4 10 1.60 0 1 366.0 2.43 X 0-4 10 6.38 0 6 237.0 6.08 X '̂5 10 25.5 0 25 308.0 1.52 X 10 101.9 1 42#9.0 4.0 X 0-6 10 387.6 6 2710.0 9.6 X 0-7 5 807.5 13 28
10.5 4.8 X 0-7 5 1622, 27 011.0 2.4 X 0”7 5 2220. 37 tm tm —  —
^Cylinder contents must be restirred at this point and sub­
sequent time is measured from this stirring.
//Beginning of clay sizes.
The equation for the above table is taken from Folk (1965,
p. 40).
Tmin. = Depth where "depth" is the depth of
1500 X A X bia.*^ withdrawal of the solution, "dia,"
is the diameter of the particle 
size being withdrawn, and 1$00 and "A" are constants de­
pendent upon density of the particles and temperature of the 
water. See table 6b below for "A" values.
TABLE 6b 
"A” VALUES
DENSITIES
OC 2.65 3.00 3.3J__
16 3.23 3.92 4.6020 3.57 4.33 5.08
24 3.93 4.76 5.6028 4.30 5.21 6.21
32 4.68 5.67 6.60
Folk, 1965 , p. 40
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i.e. (weight of beaker and contents - weight of 
beaker - 1/50th weight of dispersant added)
X 50 “ total amount of sediment in the cylinder.
14. After waiting the required amount of time for all
particles greater than clay-size to settle past the 
5 cm. depth mark, the second sample will contain 
only clay-size material. This sample will be 1/$0th 
of the total clay in the cylinder. Therefore 
(weight of beaker and contents - weight of beaker 
- 1/50th weight of dispersant added] X 50 = amount 
of clay in the cylinder.
15. At this point we have the weight of the sand in the
sample, the weight of the silt and clay together, 
and the weight of the clay. The total weight of 
the sample is the weight of the sand plus the weight 
of the silt and clay.
A further note:
If the sample was dry to start, the determination of the 
silt plus clay fraction can be eliminated since its 
only purpose is to enable us to calculate the total 
weight of the sample. This can be done more easily 
by weighing the dry sample prior to placing it in the 
beaker for disaggregation. If the sample is already 
wet, however, do not attempt to dry it as this will 
cause extreme difficulties in disaggregation.
Physical Parameters of 12 Samples
Twelve sediment samples were chosen for more detailed 
size analysis. These samples were picked to give complete 
areal coverage of the lake so as to identify any trends v/hich 
may be present.
The size analysis of these samples was similar in 
principle to the procedure for determining sand/silt/clay 
percentages already described. After wet-sieving the sample 
and drying the sand fraction, the sand was further
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sieved through half phi intervals from -10 to 40. The silt 
and clay fraction was pipetted at phi intervals of 4.5, 5,
6, 7» 9, 10, and 10.5. Table 6a indicates the time for
settling and the depth of withdrawal for the various phi 
sizes. At the time of withdrawal of the 10.50 sample, the 
depth of clear v/ater at the top of the cylinder was noted 
and from this it was possible to calculate the smallest 
size present in the sample. I found that for 5 of the sam­
ples the finest size was about 140, so on subsequent samples 
I assumed 140 to be the smallest size present,
A short computer program was devised in order to 
calculate the cumulative percentages starting from the 
largest size sediment. The program also calculated the 
phi sizes of the sediments at cumulative percentages of 
5^, 16̂ ,̂ 25)i&, 50^, 75^, ^4^, and 95^. Using this data, 
the graphic mean, inclusive graphic standard deviation, 
graphic skewness, and graphic kurtosis of each of the 12 
samples was determined by the computer. The Fortran lang­
uage for the computer program appears in Table 7, p. 66.
The method for computing the phi sizes at these 
various percentages is as follows. The computer was directed 
to calculate the cumulative percentages for each phi size 
fed into it. It was then directed to go back and find the 
last phi size less than y/o (APHI) and its accompanying 
cumulative percent (AFC) and the first phi size greater than
Reproduced with permission o f the copyright owner. Further reproduction prohibited w ithout permission.
66
TABLE 7
PROGRAI-I FOR COMPUTATION OF VARIOUS SEDIMENT PARAMETERS
DIMENSION PS{7), SUmT(40), CUMPC(40), PHI(40), WT{40), D(40) 
1 READ 101, ISAMP, N
101 FORMAT (15, 5X, 15)
READ 102, (PHI(I),WT(I), I = 1 ,N)
102 FORMAT (F6.2,5X,F10.3)
PS(1 ) = 5.
PS (2) = 16.
PS(3) = 25.
PS (4) = 50.
PS(5) = 75.
PS (6) = 64.
PS(7) = 95.SUMVfTd ) = WT ( 1 )
DO 10 I = 2,N 
10 SUMWT(I) = SUI#T(I-1 ) + WT(I)
TOTWT = SUI'MT(N)
DO 20 I - 1 ,N
20 CUMPC(I) = 1 00.»SUI#T(I)/TOTWT
DO 40 J = 1 ,7
DO 50 I = 1 ,NIF (CUMPC(I)-PS(J))50,70,60 
50 CONTINUE 
70 D(J) = PHI(I)
GO TO 40 
60 APC = GUMPC(I)
BPC = CUMPC(I-1)
APHI = PHI(I)
BPHI = PHI(1-1) ,D(J) = APHI-(APC-PS(J ) )*(APHI-BPHI)/(APC-BPC)
40 CONTINUE
GM = (D(2)+D(4)+D(6) )/3. ̂ ,, , , , , . ,SIGMA1 = ((D(6)-D(2))/4.)+((D(7)-D(l )/6.6
SK = (D(2)+D(6)-2.*D(4))/(2.*(D(6)-D(2)))+(D(1)+D(7)-2.*
D(4))/2.*
1(D(7)-D(1)))CURT = (D(7)-D(1))/(2.44*(D(5)-D(3)))
PUNCH 200, ISAI4P, GM, SIGMA 1 , SK, CURT 
200 FORMAT (11H SAMPLE IS,lS/17H GRAPHIC MEAN IS,F6.2/41H
INSLUSIVE
1GRAPHIC STANDARD DEVIATION IS,F6.2/13H SKEWNESS IS,F6.2/13H 
1KURTOSIS IS, F6.2)
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67PUNCH 250, D(1), D(2), D(3 ), D(4), D($), D(6 ), D(?)
250 FOMAT (F7.2,2X,F7.2,2ï,F7.2,2X,F7.2,2X,F7.2,2ï,F7.2,2X,
F7.2)
PUNCH 300
300 F0RI4AT {7X,3HPHI,13X,2;;WT,10X,$HSUÎ«,10X5HCUI4PC)
DO 1 4 1 = 1 ,N
14 PUNCH 301, PHÏ(I ), WT(I ), SUmVT(I), CUMPC(I )
301 FORMAT {5X,F6.2,5X,F10.2,5X,F10.2,5X,F10.2 
GO TO 1
END
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yjo (BPHI) and its accompanyir , cumulative percent (BPC).
Then using this equation:
D(J) = APHI - (APC - P/'J)) X (APHI - BPHI)/(AFC - BPC) 
where PS(J) equals 5^, th_ p li s: e for (D(J)} can be 
calculated. This method is based c i the assumption that the 
slope is constant from (APC) to (BPC). Although this assump­
tion is not valid, my work indicates that it does yield rei 
suits quite close to values determined manually from a plot 
of the cumulative percentages (Table 6 ).
The computer was ordered to go through this same pro­
cess for all seven of the above-listed percentages and their 
respective phi sizes. Once the proper phi sizes were deter­
mined, it was a simple matter for the computer to determine 
the sediment statistical parameters using the proper equa­
tions from Folk (196$, p. 45-46).
Table 6. Comparison of Computer-Derived and Manually De­
rived Sediient Parameters.
Graohic Graohic
Sam­
ple
Graphic Mean Stand . D Skewness Kurtosis
Comp. Man. Comp. Maii • Comp. Man. Comp. Man.
G1 6.19 6 . ,0/j 1.49 1.410 0.04 -0.01 1.23 1.36G1A 2.66 2.64^ 0.44 0 ^10 0.05 -0.05 1.04 0.96G9 4.03 3.97^ 0.70 0.610 0.01 -0.06 0.94 1.15G11 1.56 1.610 0.36 0 ?40 -0.03 0.05 0.96 0.93
044 6.30 6.050 3.73 3.460 -0.16 -0.27 0.69 00 70079 6.32 6.300 2.77 2.740 -0.25 -0.57 1.16 0.63
- ,  U  _ — -  -  " ,
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Sediment Thin-sectiom
Six thin-sections were prepared of various size- 
fractions of different samples in order to determine the 
mineral assemblages and organic constituents of the sedi­
ments,
A plastic impregnation process was used in preparing 
the samples for thin-sectioning. A small amount (1/8" 
thick) of the sediment sample was placed in a flat-bottomed 
plastic vial and about a 1/4" of liquid plastic and cata­
lyst were aadec . (Trade-name for the plastic is Castolite.) 
The sample and liquid plastic were then thoroughly mixed 
to remove all air bubbles and to coat the individual grains 
with plastic. The liquid plastic, when placed in a 40° C. 
oven, hardens in about two days. The plastic vial was then 
broken and the samples treated as solid rock during subse­
quent mounting and thin-sectioning.
Using oil immersion, I found that the index of re­
fraction of the plastic was 1.547, which is somewhat greater 
than that of lakeside cement.
The descriptions of these thin-sections follow in 
Table 9. The location of all samples collected is shown 
in Figure 13.
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TABLE 9
SEDIMENT TEIN-SECTION DESCRIPTIONS
l.r pie
No.
Gla. 40 fracticn,
78/6 quartz, 15% calcite, 1% hypersthene, 1% mag­
netite, 2% plagioclase, 2% orthoclase, and traces 
ûf zircon, m'.crocü ine, gar.iet, hematite, biotite, 
ane chlorite, The plagiocl^se is sub-angular to 
angular and has an knjj content. Some of the 
feldspars show exsolution features. The quartz 
is sub-rounded and non-composite.
G2, Silt fraction.
85% quartz, 5% calcite, 5% raafics, 3% plagio- 
clase, 1% hematite (coatings and grains), and a 
trace of garnet and zircon.
G9. 4.50 fraction.
90% quartz, 5% calcite, 1% plagioclase (An^2^> and 
a trace of orthoclase, microcline, biotite. Rare 
exs' lution features.
G3I. 40 fraction.90% quartz, 2% plagioclase (An^^), traces of bio­
tite and chlorite. No calcite,
033. Silt fraction.Many organisms— diatoms, plcnt tissues, no pollen 
grains. Diatoms belonging to the genera Melo- 
sira, Cymbella, TabelJaria, and Naviculla.
G4I. Silt fraction.
Same as 33*
G44. 40 fraction. , . ,17% quartz, 1% plagioclase 'vAnco ), 2/o hypersthene, 
3% biotite, 3% orthoclc^e, 1% hornblende, and 
traces of garnet, magnet, ve, hematite. Ortho­
clase seems to be very highly altered. Some of 
the plagioclase i" zoned.
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G52. Silt fraction.
Plagioclase, L: .tite, garnet, hematite, quartz, 
Plagioclase (A.; ,̂ ) is not zoned or twinned.
G79« 40 fraction.
05/̂ quartz, plagj c^asa (An2A)., Vfo magnetite, 
Vjo hornblende, hypersthene, o% orthoclase.
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Figure 13. Sample locations in Flathead Lake.
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APPFÎ' X II 
CLAY / : \Y5ES
Qualitative
As mentioned in the text, preparation of the clays 
for analysis followed the procedure described by Kinter and 
Diamond (1956). Identification of the clays was greatly 
facilitated by procedures recommended by Warshaw and Roy 
(1961).
Identification was made using a Norelco X-ray unit 
and goniometer made by Phillips Electronics, Inc. integra­
ted with a Brown Electronik Strip-Chart Potentiometer and 
Norelco circuit panel. The potentiometer was produced by 
the Minneapolis-Honeywell Regulator Company and had a chart 
speed of è inch per minute. The goniometer was a wide range 
model and was run at a speed of 1°28 per minute. The X-ray 
unit was equipped with a copper tube and nickel filter which 
yielded copper K-alpha radiation at a wavelength of 1.54 S.
A time constant of 2 seconds yielded the best results for 
peak measurement. Due to the wide range of clay sample 
thicknesses, the scale factor varied between Ô.0 and 32.0. 
Peak intensities were strictly relative and were determined 
by peak height measurements to the nearest 1/10 inch.
In preparation for X-ray analysis the clays in the 
sediment sample must first be placed in suspension. This
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is best done by placing centrifuge tubes containing the 
sample and distilled water in an ultrasonic disaggregator 
for 1 to 15 hours depending on the hardness and compaction 
of the sample. When sufficient disaggregation has occurred 
(the muddier, the better) centrifuge the sample long enough 
to sediment out all material greater than clay size (62 
microns). The centrifuge used in this study was an Inter­
national Centrifuge, size 1, Model SBV made by the Inter­
national Equipment Co, Centrifuging time for this machine 
is given in Table 10 (p. 76). The formula and method of 
computation is described by Jackson (1956).
After centrifuging, pour off the supernatant liquid 
containing the clays (save it) and sediment the clays onto 
porous porcelain plates after the method of Kinter and 
Diamond (1956).
The identification procedures will vary, depending 
upon the clay-minerals present. For the samples studied, 
a preliminary X-ray scan from 32° to 2° 29 indicated strong 
peaks at 14.2 Â, 10.2 Â, and 7.1 A. A second scan from 
15° to 2°, after treating the samples with ethylene glycol^, 
showed a new peak at 17.3 A and a sharp decrease in the
‘'Three drops of ethylene glycol were spread evenly 
across the surface of the dried and oriented clay sample and 
allowed to soak into the clays. The ethylene glycol moves 
into the interlayer positions of montmorillonite and causes 
it to expand from 14 Â to 17 A.
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intensity of the 14.2 Â peak. No change was seen to occur 
in either the 10.2 A or 7.1 A peaks. This indicated the 
presence of montmorillonite (14.2 A peak increasing to 17.2 Â 
upon treatment with ethylene glycol), illite (strong 10.1 A 
peak), chlorite (14.2 A peak present after treatment with 
ethylene glycol), perhaps kaolinite (strong 7.1 A peak 
which, in this case, is superimposed on the 7.1 A (002) 
peak of chlorite) and possibly vermiculite (14.2 A peak 
present after treatment with ethylene glycol but no 7.1 A 
(002) peak) (Warshaw and Roy, 1961). The (003) chlorite 
peak at 4*72 A is conclusive proof that chlorite is present. 
Further treatment must be done to determine if, indeed, 
kaolinite and/or vermiculite are present.
Brindley (1961) has stated that chlorite can be 
partially dissolved to produce amorphous material by treat­
ment with a weak acid which leaves the kaolinite untouched. 
Hower and Mowatt (1966) heated chlorite-containing clays to 
80° C. in a solution of 1 N HOI for 1 hour in order to break 
down the chlorite.
Using a portion of the supernatant clay-containing 
liquid, I heated a 1 N KOI solution at 80° C , for 1 hour and 
rinsed with distilled water until flocculation of the clays 
ceased (indicating all HGl was removed). After sedimenting 
the clays on to the tile plates and treating them with 
ethylene glycol, they were X-rayed. The chlorite peak at
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Table 10. Clay-size settling time under centrifugal accel­
eration using an International Centrifuge #1 at 500 rpm.
OQ
20
TIME (minutes)
3.31N^r‘= (ds)
(Jackson, 195^, p. 12?)
n (eta) is the viscosity in poises at the existing 
temperature,
S is the radius in cm. of rotation of the surface of
the suspension in the tube,
R is the radius in cm. of rotation of the top of the
suspension in the tube,
N is the revolutions per second, 
r is the particle radius in cm.,
and ds is the difference in specific gravity between 
the particles and the liquid.
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14.2 A was reduced to a considerable degree but had not 
disappeared completely. The 7.1 A peak was also reduced 
in intensity. The 17.3 A peak was not present, evidently 
due to irreversible collapse of the montmorillonite to 10.1 A 
during the acid treatment. This was suggested by a marked 
increase in intensity of the 10.1 A peak.
Another sample treated by boiling for 1^ hours in 
2 N HCl showed a large decrease in the 17.3 A peak, almost 
complete loss of the 14.3 A chlorite-vermiculite peak, an 
increase in the 10.1 A illite peak, and a decrease in the
7.1 A chlorite-kaolinite peak. Heating this acid-treated 
sample to 450^ C . caused disappearance of the 17.3 A peak, 
a very weak 14.3 A peak, an increase in the 10.1 A peak, 
and left the 7 A peak unchanged (Figure I4 , p. 7^).
Since no new 12.0 A peak appeared after the heat 
treatment, the presence of vermiculite can be ruled out 
(Warshaw and Roy, 1961).
Several samples were treated with 2 N HCl and in 
none of them was the 14.3 A peak completely removed. Evi­
dently the effects of acid dissolution are dependent upon 
the grain size of the chlorite (very likely) and/or little 
dissolution of chlorite occurs in concentrated acid.
The fact that the 7.1 A peak remained quite strong 
even when the 14.2 A peak was nearly lost by acid treatment 
indicates that kaolinite was present in significant amounts
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Untreated, 
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4500 c . 12
hours.
Figure 14. Sample 02A. X-ray diffraction graph showing 
effects of various treatments.
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in many of the clay samples. This problem will be discussed 
further in the following section. Resolution of the {OO4 ) 
chlorite and (002) kaolinite peaks at 3 .5Ô Â and 3.54 A 
respectively also provided proof of the presence of kaoli­
nite in many of the samples.
Quantitative
Estimates of the amounts of clay-minerals present 
were based on relative peak heights. Quantitative estima­
tion based on X-ray diffraction has not been perfected to 
the point where results are better than perhaps 10% of the 
true amounts present. Therefore, peak heights, rather than 
peak areas, are sufficient for this study. In addition, 
although I was interested in absolute amounts of clay phases 
present, I was more interested in relative changes in 
amounts.
The most convenient peaks to measure for oriented 
clay-mineral samples are the basal 001 peaks; that is, the 
peaks at I4.2 Â for montmorillonite and chlorite, 10.2 A 
for illite and 7.1 A for kaolinite. Unfortunately, the
14.2 A and 7.1 A peaks are representative of two minerals 
each, chlorite-montmorillonite and chlorite-kaolinite. 
Treating the clays with ethylene glycol yields a unique 
montmorillonite peak at 17.3 A and a unique chlorite peak 
at 14.2 A, although the chlorite peak is usually a shoulder
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on the high-angle side of the montmorillonite peak, and its 
actual height is difficult to measure (Figure I4 ). Since 
there is no way of measuring kaolinite separately from 
chlorite because their basal reflections all coincide, the
7.1 Â peak was used to determine a chlorite plus kaolinite 
percentage for the sample. Using this procedure, the amounts 
of montmorillonite was represented by the height of the 17.3 A 
peak, of illite by the height of the 10.1 Â peak, and of 
chlorite + kaolinite by the height of the 7.1 A peak.
Since these peaks are enhanced to varying degrees 
by scattering of the X-rays at low angles, and various 
structural factors, a correction must be made in order to 
make them approximately representative of relative per­
centages, Johns, Grim, and Bradley (1954) note that scat­
tering by three-layer silicates at the angle corresponding 
to 17 A is greater by a factor of about 4 than at 10 A.
Weaver (1958) reports that either chlorite or kaolinite will 
contribute a 7 A peak 2 to 3 times larger than the 10 A 
peak for an equal amount of illite. This would indicate 
correction factors of 17/4:10/1:7/2.5 (17, 10, and 7 refer 
to heights of the respective peaks). David Pevear (personal 
communication) did much of his dissertation work with the 
same equipment used in this study, and he reports that ratios 
of 17/4:10/1:7/4 better fit values derived independently by 
chemical analyses of clays. This is the correction ratio
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used in this study. The heights of the 1? K and ? A peaks 
were measured and multiplied by four. The results, together 
with the height of the 10 A peak, were normalized to 100^.
A very approximate determination of the amount of 
kaolinite in the clay-minerals was achieved by the following 
method. Noting that the ratio of the 7 A peak to the 14 A 
peak intensities for many samples seemed to be near 2.00,
I calculated an average ratio for all the samples. This 
average was indeed 2.00, with most of the sample ratios 
spread between 1.Ô0 and 2.20. Assuming that ratios larger 
than 2.20 indicate the presence of kaolinite, a clay sample 
having a ratio of 3.50 was treated in 2N HCl at 80^ 0. for 
two hours. This resulted in almost complete loss of the
14.2 A chlorite peak indicating the 7.1 A peak remaining 
was representative only of kaolinite. Using the height of 
the 7.1 A peak, I calculated that the sample contained 
kaolinite. The untreated sample had 16̂ 0 chlorite + kaolinite, 
thereby indicating 12% chlorite in the original sample.
Using the known percentages, the peak heights necessary to 
yield these percentages were calculated, and a chlorite 
7X/I4X ratio of 2.14 was obtained; a number quite close to 
the average of 2.00. If we assume that 1/4 of the 7 A 
peak in the acid-treated sample was contributed by undis­
solved chlorite, this still leaves 3% kaolinite and 13% 
chlorite in the sample. Maxwell (1964) reports that the
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argillites in the Precambrian Belt rocks have an average 
of 13% chlorite; r id in the nine bedrock samples analyzed 
in this study (both Piegan and Ravalli rocks), the average 
chlorite content was of the total clays present.
A check of the chlorite + kaolinite percentages re­
veals that no sediment sample contains less than ^2% and ' 
few contain less than ‘ly/o. Assuming some kaolinite present 
in all the samples, the above observations would indicate 
that chlorite ranges from perhaps llfo to as high as 14^, 
and kaolinite may vary from less than 1% to as much as 7%, 
of the total clay-minerals in the lake sediments.
Precision of X-ray Quantitative Analysis
In order to determine the reproducibility of results 
from X-ray diffraction, 3 clay samples were prepared from a 
single sediment sample. Each of these 3 samples was scanned 
by X-ray 3 times, and from this the amounts of montmorillonite, 
illite, and chlorite + kaolinite were determined. The re­
sults are tabulated in Table 11. All runs yielded results 
within 2% of the average.
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TABLE 11
PRECISION OF X-RAY QUANTITATIVE ANALYSIS IN PERCENTS
Plates a
Runs
b c Average
Montmoril­ 1 10 10 11
lonite 2 9 10 12
3 11 11 11 11
Illite 1 78 78 78
2 78 77 76
3 76 76 75 76
Chlorite + 1 13 1? 11
Kaolinite 2 14 13 12
3 12 14 14 13
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APPENDIX III 
TABLE 12
SIZE AND CLAY PERCENTAGES IN FLATHEAD LAKE 
(PLOTTED IN PLATE II)
Size Percentages Clry PercentagesNo. • sand silt clay illite mont. C/K*
G1 10.3 77.5 12.3 73 7 15
Gla ' 93.0 2.0 0.1 74 11 15G2 13.5 79.2 2.2 67 18 16
G3 32.9 66.3 0.9 69 14 17
G4 39.9 53.8 1.4 71 13 17
G5 62.3 36.3 M  .4 74 , 10 16G6 1.7 93.6 4.7 74 10 16
G7 1.7 94.9 3.4 76 3 16G8 0.4 91 .1 3.4 75 7 13
G9 47.9 49.6 2.5 68 17 15G11 99.0 00.0 '1.0
G12 93.5 5.3 0.7GI3 84.3 3.9 6.3 73 11 16
GI4 0.1 76.6 23.3 74 9 17GI8 0.3 67.7 32.0 73 3 14
GI9 14.3 76.0 9.7 68 19 14
G22 0.0 50.8 49.2 73 ■ 3 13
G23 0.1 50.5 49.4 79 3 14
G24 0.1 43.3 51.7 77 7 16
G25 0.3 42.3 56.7 73 10 12G26 26.6 65.5 7.9 75 11 14
G27 97.6 0.0 2.4 71 17 12
G28 3.5 91.8 4.7 66 18 16
G29 93.5 3.4 3.1 70 15 15G30 6.5 79.1 14.4 73 5 17
G3I 7.9 73.9 13.2 77 6 17
G32 15.4 71.0 13.6 73 11 16
G33 3.1 73.3 23.1 76 9 15
G34 0.1 71.6 28.4 73 9 13
G35 0.3 52.3 47.5 77 11 13G36 0.3 56.0 43.7 75 10 '5
*C/K is the combined percentages of chlorite and kaolinite. 
Chlorite is thought to comprise about 12/o and kaolinite 
the rest.
Reproduced with permission o f the copyright owner. Further reproduction prohibited w ithout permission.
TABLE 12 (Continued)
Size Percentages Clay Percentages
INC. sand silt clay illite mont. C/K
G37 0.3 56.2 43.3 73 12 15
G3é 0.1 69.6 30.3 79 6 15
G39 0.1 47.2 52.7 75 10 15G40 0.2 65.2 34.7 75 11 14
G41 0.2 47.6 52.2 75 10 15
G42 6.9 42.7 50.3 75 6 19
G43 12.6 39.4 . 28.0 76 10 14
G44 13.6 65.6 18.8 80 4 16
G43 1 . 6 68.2 30.2 78 10 12G46 0.1 40.6 59.3 79 9 12
G47 0.0 52.2 47.8 75 12 13
G4& 0.2 49.2 50.7 74 12 14
G49 0.1 63.0 36.9 78 9 13G$0 0.8 68.3 30.8 76 10 14
P51 0.6 80.9 18.5 74 12 14G52 6.6 72.3 21.2 79 7 14
G53 0.0 69.9 30.1 75 11 14
G54 0.5 77.3 22.2 77 8 15
G55 0.1 88.0 11.9 73 9 18G56 0.0.
29.4^
62.5 37.5 76 10 14
G37 47.G 22.8 71 13 16
G58 0.8 70.8 28.5 74 9 17
G59 0.2 48.2 51.6 72 11 17G60 4.8 54.8 40.4 77 11 12
G6l 0.4 66.6 33.1 77 8 15
G62 0.2 55.7 44.1 81 8 11
G63 0.1 53.8 44.1 80 8 12
G67-1 81.1 15.3 3.6 70 17 13
G67-2 90.5 9.3 0.2 71 14 15
G67-3 73.3 23.8 3.7 . 67 18 , 14G70 3.7 70.3 26.0 74 11 15
G?1 0.0 22.7 77.3 77 8 13
G72 97.7 1.1 1 .2 82G73 7^.6 16.9 4.5 5 13
G75 26.2 50.5 23.3 76 7 18G76 95.2^ 3.1 1.7
G77 47.5^ 53.3 9.0 72 9 18
G78 39.9. 51.0 9.1 76 6 17
G79 22.7^ 62.7 14.6 75 8 18G 80 79.4 15.0 5.6 78 5 17
1, Includes gravel. 2, Includes 10^ gravel,
3. Includes gravel
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APPENDIX IV 
CLAY SAMPLE LOCATIONS FROM FLATHEAD VALLEY
C1-1. Glacial Lake Missoula silts and clays. Taken from
lowest switchback on road to Kerr Dam Power­house .
Cl-2. Same as above, except taken almost at top of power­
house road.
Cl-3. From terrace just east of Flathead River on High­
way 208.
C1-4. Foy’s Bend; taken from river bank.
Cl-5. Sample from bank of Stillwater River where crossed
by Highway 2.
Cl-6. Sample from bridge crossing on Highway 208. Taken
from river bank.
Cl-7. Junction of Flathead River and Highway 2 east of
Kalispell.
G1-8. Badrock Canyon, east of Columbia Falls.
Cl-9. South of Creston, Montana from bank of Flathead
River.
C1-11. One half mile south of Lakeside, Montana; roadcut
in glacial material.
Cl-12. Five miles south of Ravalli, Mont.; Glacial Lake
Missoula varves.
Cl-13. Roadcut 4 miles west of Stillwater turnoff from
U.S. 93 west of Whitefish. Top of incomplete 
exposed section.
01-14. Same as 13 except from bottom of exposed section.
01-15. West end of Stillwater Bridge south of Whitefish.
01-16. Ash outcrop of U.S. 83, 5 miles north of Kalispell.
01-17. Kalispell Golf course quarry. Selective sample
in 70’ section.
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PROCEDURE FOR GRAVITY DETERMINATIONS
Instrumentation
A portable Worden Gravimeter No. 731, Model 115 with 
a dial constant of 0.0577(0) milligals per dial division 
was used for this gravity work.
A total of 20 readings was taken for gravity line "A" 
and 6 each for lines "B” and "C". Stations for "A" were on 
an east-west line at 1 mile intervals and stations for "B" 
and "C" were each on north-south lines at intervals vary­
ing between 1/4 and 3/4 mile.
Elevations at each station were taken from U.S. 
Geological Survey 7 1/2* topographic quadrangles except 
for stations C-5 and 0-6. These were determined by plane 
table and alidade. In all cases, the determined elevation 
is believed to be within 5 feet of the true elevation, 
introducing an error of 0.3 milligals.
Procedure
Tidal and meter drift corrections were made for all 
stations by returning to and occupying the base station for 
each line at intervals not exceeding 3 nours. By interpo­
lation between subsequent base station readings, drift cor­
rections for each station could be made.
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A:1 data va., corrected :or terrain and elevation to 
a base station elevation of 3196 feet for line "A” and 3090 
feet for lines "B" and "C” , No latitude corrections were 
made since the two gravity lines running north-south were 
less than six miles long and corrections would be negligible.
Terrain corrections were made for each static; us.ng 
a zone chart and tables described by Hammer (1939). All 
corrections included zones A through I (2.5 miles). The 
maximum terrain correction was 6.4 milligals but most were 
between 0.0 and 1.0 milligals.
A bedrock density of 2.67 grams/cm^ was used in com­
puting terrain and Bcuguer corrections, A density contrast 
of 0.5 grams/cm^ (Cook, et al., 1964) between the bedrock 
and Quaternary valley fill (and possible Tertiary beds) 
was used when determining the calculated gravity for inter­
preted geological cross-sections. Assuming 0.5 grams/cm^ 
to be a maximura density contrast, the depths to bedrock can 
be considered to be minimum values. The maximum difference 
in observed gravity was 17.4 milligals. The use of a 
graticule chart for computing theoretical gravity values 
has been described by Nettleton (1940).
The geologic structures, based on assumed two-dimen­
sional structural models, are not necessarily unique inter­
pretations of the observed gravity values. For instance, 
several step faults with small displacements may be found
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where single faults with large displacements are shown in 
the cross-sections. Also, the angle and direction of dips 
are subject to much uncertainty. I believe the geologic 
cross-sections are reasonable interpretations based on 
available gravity and geological controls.
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90
GRAVITY DATA 
(In Milligals)
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p p  CL> <  O Ü •H Ü > p•H cC G <D (Tt Q) 1 G 'H
_  > > _ <U bOk Û) >% CÛ o G is o « cS
G O O G> O Eh P  Gr-t; o o  Ü E-i O CO O O
B-1 ■ 0.0 0.00 3090 0.00 2.38 0.00 0.0
B-2 16,6 1.33 3085 -0.30 3.45 1.07 2.1
B-3 -50.9 —4 .46 3212 7.32 4.14 1.76 4.6
B-4 -11.5 -1.01 3097 0.39 2.78 0.40 -0.2B-5 -45.9 -4.02 3122 1.92 6.44 4.06 2.0
B-6 -18.1 -1.59 3 087 -0.18 5.69 3.31 1.5
C-1^ -131.1 -11.51 3410 19.20 1.77 -0.61 7.1
C.2 -133.1 -11.69 3438 20.88 1.40 -0.98 8.2
C-3 -96.1 -8.49 3335 14.70 0.73 -1.65 4.6
C-4 -111.8 -9.79 3344 15.24 0.78 -1.60 3.9
0-5 -257.6 -22.58 3481 29.47 1.77 -0.61 6.3C-6 -156.3 -13.71 3440 21 .00 1.50 -0.88 6.4
l3 0.0 0.00 3196 0.00 0.03 0.00 0.0
2 -33.1 -2.90 3225 1.74 0.03 0.00 -1 .2
3 -42.1 -3.69 3230 2.04 0.10 0.07 -1.6
4 -61.3 -5.38 3265 4.14 0.84 0.81 -0.4
5 -121.6 -10.66 3370 10.44 1.11 1.08 0.96 -67.0 -5.88 3280 5.04 1.80 1.77 0.9
7 74.9 6.57 3188 -0.48 0.01 -0.02 6.1
8 86.9 7.62 3211 0.90 0.00 -0.03 . 8.5
9 99.6 8.73 3233 2.22 0.01 -0.02 10.910 125.6 11.02 3230 2.04 0.11 0.08 13.111 96.5 8.46 3250 3.24 0.11 0.08 11.812 211 .1 18.51 3105 -5.46 0.14 0.11 13.2
13 263.4 23.10 3025 -10.27 0.10 0.07 12.9
14 284.3 24.93 3004 -11.52 0.06 0.03 13.4
15 332.8 29.19 2957 -14.33 0.09 0.06 14.916 321.1 28.16 . 2922 -16.44 0.12 0.09 11.8
^Station terrain correction minus base terrain correction, 
^Stations for "B" gravity line in Big Draw 
^Stations for "C" gravity line in Big Dràw 
3Stations for South Flathead Valley gravity line
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TABLE 14 (Continued)
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17 387.3 33 .97 2700 - 2 9 .7 9 0.14 0.11 4.3
18 373.2 32.73 2900 -1 7 .7 7 0 .90 0.87 13.8
19 3 9 0 .8 34 .27 2651 -3 2 .6 8 0.14 0.11 1.7
20 -153.1 -1 3 .4 3 3423 13.74 2 .0 0 1.97 2.3
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
